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(54) IMMERSION COOLING SYSTEMS 



(711) We, International Business 
Machines iCorporation, a Corporation or- 
ganized and existing under the laws of the 
•State of New York in the United States of 
5 America, of Armonk, New York 10504, 
United States of America (assignees of Ri- 
chard Chao-San Chu, Un-Pah Hwang and 
John Henry Seely) do hereby declare the 
invention for which we pray that a patent may 
10 be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement : — 

This invention relates to immersion cooling 
systems. 

15 The present invention provides an immer- 
sion cooling system comprising *a plurality of 
cooling units each including an enclosed vo- 
lume having an inlet, an oudet, a heat ex- 
changer located within the volume and means 

20 for mounting an element to be cooled within 
the volume, a common reservoir for a low- 
boiling point liquid, means for selectively con- 
necting the inlet and outlet of each cooling 
unit to the reservoir and means connected to 

25 the reservoir for stabilising pressure therein. 
With the miniaturization capabilities afford- 
ed by the discovery of solid state electronics, 
various improved means of dissipating the heat 
generated by solid state components have been 

30 investigated. The standard forced air convec- 
tion means appears to have reached its limits 
of practicality in that the amount of air that 
is required to provide efficient cooling intro- 
duces a noise problem and without some aux- 

35 iliary techniques cannot maintain each of a 
large number of components within its critical, 
narrow operating temperature range. Accord- 
ingly, especially in connection with large scale 
computer systems, various combinations of air- 

40 liquid cooling systems have been devised. One 
of the more recent systems investigated has 
been the immersion cooling system, wherein 
the array of components to be cooled is im- 
mersed in a tank of cooling liquid. The liquids 

45 used are the new fluorcarbon liquids which 
have a low-boiling point. These liquids are di- 



electric and give rise to various types of boiling 
at relatively low temperatures. The mode of 
boiling and consequently the heat transfer is 
dependent on the heat flux at the surface inter- 50 
face between the component to be cooled and 
the cooling liquid. For a small heat flux which 
is below the boiling point of the liquid, natural 
convection will take place. As the heat flux 
increases beyond the boiling point <tf the 55 
liquid, nucleate boiling will take place. The 
nucleate boiling causes *the evaporation of the 
fluid immediately adjacent the hot component. 
As the vapor bubbles foxim and grow on the 
heated surface^ they cause intense micro-con- 60 
vection currents. Thus, nucleate bailing gives 
rise to an increase in convection within the 
liquid and, accordingly, improves the heat 
transfer between the hot surface and the liquid. 
As the temperature or heat flux increases, the 65 
nucleate boiling increases to the point where 
it or the number of bubbles increases to .the 
point where they begin to coalesce and heat 
transfer by evaporation predominates. These 
modes of boiling or heat transfer have proven 70 
to be very efficient. However, there are prob- 
lems in servicing and packaging components 
which are cooled using these techniques. 

It will be appreciated, that the components 
to be cooled in an immersion type cooling sys- 75 
tem are not readily available for servicing. 
Either the liquid must be drained from the 
tank holding the liquid in which the compo- 
nents are immersed or the entire array of com- 
ponents must be disconnected and removed 80 
from the cooling liquid. The servicing is 
further complicated by the fact that the cool- 
ing liquids are very volatile and are easily con- 
taminated. For example these low-Jboiling- 
point liquids readily absorb air and, therefore, 85 
must be degassed before any initial operation 
or after any subsequent exposure to air. 

It will also be appreciated that the packag- 
ing of the heat generating components is some- 
what limited since the components must all 90 
be immersed in a large tank of the low-boiline- 
point liquid, 0 
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An immersion cooling system according to 
the present invention, however, affords greater 
paxiaging flexibility. m 
BSrfeflyT one form of immersion cooling sys- 

5 tern according to the -present invention, lor 
modularly packaged components, comprise ; a 
common vessel containing a low-boiling-point 
liquid. A plurality of modular units, each con- 
taining an individual cooling chamber, are con- 

10 nected to the common vessel by respe^ve m- 
put and output conduit means. The individual 
cooling chambers and the input conduit means 
are arranged with respect to the common ves- 
sel such that the liquid will flow 

15 from the vessel through the input conduit 
into the individual cooling chambers 
by gravitational force. The output conduit 
means provides the vent path and liquid 
expansion path for the respective cooling 

20 chambers. Heat generating components 
are located in each of the cooling cumbers 
in heat exchange contact with the low-boiling- 
point liquid so as to provide cooling. A heat 
exchanger is provided associated with each or 

25 the individual cooling chambers for removing 
heat from the low-boiling-point liquid so as 
to provide sufficient cooling to maintain said 
electronic components substantially at a prede- 
termined temperature. 

30 The present invention will be described 
further with reference to an embodiment of 
the invention, as illustrated in the accompany- 
ing drawings in which:— b 
FIGURE 1 is a partly perspective schematic 

35 view of the improved immersion cooling sys- 
tem for modularly packaged components of the 
present invention; and # 

FIGURE 2 is an enlarged vertical cross 
sectional view taken along hue 2—2 of Figure 

40 1. , . « 

Referring to Figure 1, there is shown a ves- 
sel or container .1)1 which contains a cooling 
liquid 13. The vessel 11 is a sealed container, 
the contents of which are maintained under 

45 . an essentially constant pressure provided by 
the compressed gas source 15. The compressed 
gas is connected to the vessel by means of a 
conduit 17 containing a valve 19. Within die 
chamber, pressure sensitive device 21 provides 

50 the control for the valve 19 via the feedback 
connection 20. Thus, the vessel is an isobanc 
or constant pressure vessel. The liquid .13 con- 
tained within the vessel 11 is a low-boiling- 
point liquid such as one of the fluorcarbon 

55 liquids. These liquids are dielectric and have 
a low-boilins-point at or around atmospheric 
pressures. The low pressure is maintained in 
vessel 11 so as to maintain the boiling point 
at a fixed temperature since a change in pres- 

60- sure affects the temperature at which boiling 
takes place. The liquid 13 is easily contami- 
nated especially by air. Accordingly, it is 
necessary to purge the excess absorbed air 
from the liquid 13 before usage. This is ac- 

65 complished by *a heating coil 22 which is im- 
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mersed in the liquid in the vessel 11. Raising 
the temperature of the liquid 13 by means of 
the heating coil 22 reduces the air solubility 
in the liquid and, accordingly, the excess air 
contained in die liquid is purged A one-way 
relief valve 24 is located at the top of the 
vessel '111 so that the air purged from the liquid 
il3 may escape from the sealed vessel 111. One- 
iway valves are well known and allow the air 
or g*s to pass through in one direction only. 
Once the excess air is purged from the liquid 
13, the gas from the compressed gas source 
can be appKed to establish the predetermined 
low pressure for the system. A manual valve 
26 is also provided in the top of the vessel 
11 to relieve the pressure below that which 
is obtainable with the automatic one-way valve 
in the event it is necessary to depressumze the 
system. The vessel ill is connected by a pair 
of conduits 28,32 to a number of respective 
modular units 30. The conduits 28,32 each 
contain valve means 29 for stopping the flow 
of liquid 13 between the vessel Ifll and the 
modular units 30. The conduit 28 is connected 
between the bottom of the vessel HI and the 
bottom of the modular unit 30. A further con- 
duit 32 is shown connected between the top 
of each of the modular units and the top of 
the vessel 11. The connection to the vessel ill 
is preferably above the liquid level. This con- 
duit serves as a venting line for the modular 
unit so that it may fill with liquid from the 
vessel 111 by means of the input conduit 24 
and the air contained therein may be vented 
through the output conduit 32. The ultimate 
venting, of course, is provided by the one-way 
relief valve 24 in the vessel 11. Thus, it can 
be seen that the vessel 11 is common to each 
of the modular units 30 and provides a number 
of services for each. For instance, vessel 111 ™> 
provides the liquid for each of the modular 
units It also is utilized as an expansion tank 
for each of the units. In the event that there 
is a small leak somewhere in the system, the 
liquid loss is compensated for by the reservoir 110 
of liquid contained in vessel .111, thus the liquid 
content of the modular units is maintained 
constant. As previously mentioned, the pres- 
sure maintained in vessel 111 establishes the 
pressure for the entire system. The degassing 115 
provided by means of the heater element 22 
and the one-way relief valve 24 'in the top 
of the vessel 11 also provides the degassing 
for the various modular units 30. It will be 
appreciated, that the individual connection of 120 
each of the modular units 30 to the vessel 11 
provides a means of individually servicing each 
of the modular units without interrupting the 
operation of the other modular units in the 
system. This merely requires the closing of the 125 
valve means in the input conduit 28 and the z 
output conduit 32 connecting the respective 
modular unit to the vessel 11. Once these 
valves are closed, the modular unit can be re- 
moved and serviced, etc. without interrupting 130 
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the operation of the other modular units. It 
should be noted, that the vessel llil is located 
with respect to the modular units 30 so as 
.* to provide gravity feed of the liquid 13. There- 

5 fore, a pumping means for the liquid is avoid- 
ed. It will be appreciated that the modular 
units 30 can be located in a number of 
different arrangements other than that shown 
in FIGURE 1. Thus, the system affords con- 

10 siderable flexibility in packaging of the modu- 
lar units. The large two-dimensional array of 
the modular units 30, as shown in FIG. tl, 
affords easy accessibility to each of the modu- 
lar units and is probably the simplest packag- 

15 ing arrangement. 

The modular units 30 contain a board 40 
upon which the components 41 to be cooled 
are mounted. The components 4*1 are arranged 
in a vertical two-dimensional array of columns 

20 and rows. It is important in operation that 
the components are maintained in vertical co- 
lumns to obtain the most efficient cooling. The 
board 40 forms one wall of the modular unit 
30 with the component carrying side facing 

25 inward. The outer facing side of the board 
40 contains wiring and connecting means for 
the board mounted components 41. Each of 
the modular units 30 consists of a chamber 
42 into which the conduits 28,32 are directly 

30 connected. Thus, the chamber 42 is filled with 
the low-boiling-point liquid 13 supplied by the 
vessel llil. The chamber 42 is bounded by the 
board 40, previously described, an opposite 
parallel wall 45 and top and bottom walls 46 

35 and 47, respectively. A heat exchanger 44 is 
located within the chamber 42 of each modular 
unit. The heat exchanger 44 is made of a good 
heat conducting material for conducting heat 
from the low-boiling-point liquid in which it 

40 is immersed in each chamber 42. The heat 
exchanger 44 also contains fins 50 extending 
from one surface thereof toward the compo- 
nents 41 to be cooled. These fins 50 provide 
more surface area for contact with the low- 

45 boiling-point liquid and thus improve the heat 
transfer therebetween. The heat is carried from 
the heat exchanger 44 by means of chilled 
water 52 which is supplied thereto from a 
separate source. The water 52 is circulated 

50 through the heat exchanger 44 to carry away 
the heat absorbed thereby. As shown, the water 
inlet and outlet for the heat exchanger passes 
through the wall 45 of the modular unit 
chamber 42. The water 52 circulation means 

55 is not shown since it is immaterial to the in- 
vention and consists essentially of a pump and 
heat exchange means such as a water chiller. 

It can be seen from FIG. 2, that the fins 
50 of the heat exchanger 44 are located fairly 

60 close to the electronic components 41 to be 
cooled. The fins 50, by means of the circulat- 
ing water 52 through the heat exchanger 44, 
are maintained at a sub-cooled temperature, 
that is, a temperature below the saturation 

65 temperature of the low-boiling-point liquid. As 



the temperature of the electronic components 
411 rises, the low-boiling-point liquid adjacent 
to the hotter surface of die component becomes 
heated and sets up convection currents within 
the low^boiling-point liquid. When the tern- 70 
perature of the surface of the electronic com- 
ponent exceeds the saturation temperature of 
the low-boiling-point liquid, nucleate boiling 
takes place at die surface. This boiling consists 
of vapor bubbles ifonming in the liquid at the 75 
hot surface. The nucleate boiling at the surface 
sets up micro-convection currents which in- 
crease the heat removal from the hot surface 
of the components. The nucleate boiling bub- 
bles rise and are essentially intercepted by 80 
deflectors 54 which are located above each 
electronic component 41. The deflectors 54 are 
arranged to deflect the nucleate boiling bubbles 
'into the adjacent finned area of the heat ex- 
changer 44. The vapor bubbles condense, upon 85 
contacting the cooler fins 50 of the heat ex- 
changer 44. The condensing of the bubbles 
produces agitation of the liquid which causes 
convection currents providing a good heat ex- 
change from the low-boiling-point liquid to the 90 
heat exchanger. Of course, there is same heat 
carried by the vapor of the boiling bubbles 
themselves which is transferred to the fins 50 
of the heat exchanger 44 upon condensation. 
The deflectors 54 can be made of any appro- 95 
priate material such as plastic and are ar- 
ranged at an angle such that the bubbles will 
deflect into the desired fin area. The deflectors 
54 provide an additional advantage in that 
they prevent the bubbles rising along die sur- 100 
face of the above located components where 
they (form a vapor barrier which interferes with 
the heat transfer from that component to the 
low-boiling-point liquid. It will be appreciated 
that the heat generating components 41 are 105 
maintained at substantially a uniform tempera- 
ture. As the temperature of any component in- 
creases above the saturation temperature of the 
low-boiling-point liquid, nucleate boiling takes 
place which maintains the temperature of the 110 
component at a substantially fixed tempera- 
ture. As the temperature of tie component 'in- 
creases, the nucleate boiling increases propor- 
tionately thus providing additional cooling as 
required. Of course, if the component con- 115 
tinues to increase in temperature, the nucleate 
boiling continues but heat transfer by evapora- 
tion becomes more important and eventually 
predominates. Eventually, the heat flux reaches 
a maximum and a further increase of the tern- 120 
perature causes a decrease in the rate of heat 
flow. 

The system described is capable of provid- 
ing cooling by an immersion type arrangement 
which allows a more flexible packaging and 125 
which affords individual unit servicing without 
interrupting the operation of the test of the 
system. 

WHAT WE CLAIM IS: — 

1. An immersion cooling system comprising 130 
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a plurality of cooling units each including an 
enclosed volume having an inlet, an outlet, a 
heat exchanger located within the volume and 
means for mounting an element to be cooled 

5 within the volume, a common reservoir for a 
low-boiling-point liquid, means for selectively 
connecting die inlet and outlet of each cooling 
unit to the reservoir and means connected to 
the reservoir for stabilising pressure therein. 

10 2. A cooling system as claimed in Claim 
1 wherein the cooling units are arranged with 
respect to the reservoir such that the liquid 
will flaw from the reservoir through the cool- 
ing units by gravitational force, the outputs 

15 providing a vent path and liquid expansion 
path for the cooling units. 

3. A cooling system as claimed in Claim 
1 or Claim 2 wherein the reservoir includes 
a one-way venting valve and a degassing 

20 means, the degassing means including a heater 
element arranged to lie within low-boiling- 
point liquid in the reservoir so^ that the gas 
may be purged therefrom by raising the tem- 
perature of the liquid, such gas passing out 

25 of the vessel through the one-way venting 
valve. 

4. A cooling system as claimed in any pre- 
ceding claim in which the cooling units and 
mounting means are arranged so that elements 

30 to be cooled lie in a vertical, two-dimensional 
array within each cooling unit, the heat ex- 
changer for that unit being located adjacent 
and parallel to such vertical array of compo- 
nents, tie components and heat exchanger be- 

35 ing separated in use by low-boiling-point 
liquid within the cooling unit. 

5. A cooling system as claimed in any pre- 
ceding Claim wherein the boiling point of the 
low-boiling-point liquid is maintained 

40 sufficiently low to produce nucleate boiling 



bubbles at the exposed surfaces of the heat 
generating components when the temperature 
of the component goes above some predeter- 
mined temperature. 

6. A cooling system as claimed in Claim 
5 wherein nucleate boiling bubble deflecting 
means are located above the heat generating 
component of each module in the array so that 
the boifing bubbles rising from the underlying 
module are deflected toward the associated 
heat exchanger. 

7. A cooling system as claimed in any pre- 
ceding Claim wherein each heat-exchanger is 
a relatively flat chamber located within the as- 
sociated cooling unit, the walls of the heat ex- 
changer chamber being in contact, in use, with 
the low-4)oiling-point liquid in the cooling unit, 
the heat-exchanger chamber being arranged to 
have a cooling fluid circulating therethrough 
to carry away the heat transferred thereto from 
the low-boiling-point Hquid. 

8. A cooling system as claimed in Claim 
7 wherein the heat exchanger wall facing the 
heat generating components has fins extending 
therefrom to provide additional surface for 
condensing the nucleate boiling bubbles 
deflected thereto and for improving the cooling 
of the low-boiling-point liquid. 

9. A cooling system as claimed in any pre- 
ceding Claim in which the selective connecting 
means comprised individual conduits connect- 
ing the inlets and outlets of the cooling units 
to the reservoir, each conduit including a valve. 

10. An immersion cooling system substan- 
tially as hereinbefore described with reference 
to and as illustrated in the accompanying 
drawings. 

I. M. GRANT, 
Chartered Patent Agent, 
Agent for the Applicants. 
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